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Abstract: As a profession, dentistry is at a point of discernible challenge as well as incredible opportunity in a landscape of evolv-
ing changes to health care, higher education, and evidence-based decision making. Respecting the past yet driving forward, a 
well-mapped future course is critical. Orchestrating this course in a collaborative manner is essential for the visibility, well-being, 
and potentially the existence of the dental profession. The research performed in dental institutions needs to be contemporary, 
aligned with biomedical science in general, and united with other disciplines. Dentistry is at risk of attrition in the quality of its 
research and discovery mission if participation with bioscience colleagues in the collaborative generation of new knowledge is 
underoptimized. A fundamental opportunity dentistry has is to contribute via its position in academic health centers. Rigorous 
research as to the impact of interprofessional education and collaborative care on population health outcomes provides significant 
potential for the dental profession to participate and/or lead such evidence-centered efforts. It is imperative that academic dental 
institutions are part of interdisciplinary and transdisciplinary organizations that move health care into its new day. Strategizing di-
versity by bringing together people who have different ways of seeing problems to share perspectives, heuristics, interpretations, 
technologies, and predictive models across disciplines will lead to impactful progress. Academic dental institutions are a natural 
part of an emphasis on translational research and acceleration of implementing new scientific discoveries. Dentistry needs to 
remain an essential and integrated component of higher education in the health professions; doing so necessitates deliberate, re-
spectful, and committed change. This article was written as part of the project “Advancing Dental Education in the 21st Century.”
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The opportunity to impact human health through biologic discovery in dental and craniofacial research has never been greater. 
Our obligation to do this collaboratively is opportune 
and unreservedly essential for our future. Humans 
are not simple animals, and hence the solutions to 
health problems will not be simple answers. Systems 
biologic approaches will prevail, and new collabora-
tive and team approaches are an imperative. We must 
respect and learn from the past, while evoking the 
responsible change necessary to secure a promising 
future. In 1995, the Institute of Medicine (IOM) 
report provided an imperative to dental education 
and science that has not only retained its importance 
but has undoubtedly become even more critical as 
we move forward: “Dental education must be scien-
tifically based and undertaken in an environment in 
which the creation and acquisition of new scientific 
and clinical knowledge are valued and actively pur-
sued. Research and scholarship are essential elements 
of university-based education and are critical to 
continued improvements in oral health.”1
An illustrative clinical care example of our lack 
of collaborative approaches in solving multidisci-
plinary health problems initially surfaced in 2003, 
when reports arose of exposed necrotic bone in oral 
surgery patients who were taking anti-resorptive 
drugs called bisphosphonates.2 At the time, these 
cases were referred to as avascular necrosis and later 
termed osteonecrosis of the jaw (ONJ). The major-
ity of patients described were cancer patients being 
treated for hypercalcemia, metastasis, and other co-
morbidities. These patients were taking medications 
other than the bisphosphonates, but the use of IV 
bisphosphonates was a commonality. In 2016, the 
precise etiology of this condition is as yet unclear. 
Over the past 15 years, there have been nearly 2,000 
publications on this topic with fewer published in 
the dental literature (approximately 39%) versus 
60% published in the medical literature. In position 
papers and guidelines constructed over these years, 
there has been a consistent call for dentists to work 
with primary care physicians, endocrinologists, and 
oncologists for the clinical care of these patients. Yet 
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of its research and discovery mission due to lack 
of participation in the collaborative generation of 
new knowledge. The research performed in dental 
institutions needs to be more contemporary, aligned 
with biomedical science in general, and more col-
laborative.
Sixty-two leading public and private research 
universities that constitute the Association of 
American Universities (AAU) are where 62% of 
the nation’s academic research is performed.6 These 
AAU institutions also produce 70% of the nation’s 
scientists, engineers, doctors, teachers, and other 
professionals. Of these, 42 have medical schools, 
yet only 19 have dental schools. That means that less 
than one third of the current 66 dental schools are 
co-located with research-intensive AAU institutions. 
A broader indicator is the Carnegie classification of 
R1: Doctoral Universities–highest research activity.7 
Of the 115 universities with this classification, a third 
(38) have dental schools. Hence even using this more 
inclusive classification, nearly 40% of U.S. dental 
schools are not associated with universities that have 
significant research activity. This pattern clearly 
raises a concern for our future ability to maintain suf-
ficient scholarly activity to sustain a positive impact 
in optimizing the oral health of our communities.
A review of NIH funding to 56 academic dental 
institutions found that, of the top half of institutions 
receiving extramural support for research, more than 
60% were located in AAU institutions—whereas, of 
the lower half, only 14% of these institutions were 
affiliated with an AAU university.8 Research univer-
sities as reflected by AAU membership are the hub 
of where new knowledge is produced. Other colleges 
and universities that do not significantly engage in 
research are primarily consumers and purveyors of 
the information generated at the research universi-
ties. Hence, the 19 dental schools located in AAU 
universities and, in particular, the 17 that are in the 
top half of NIH funding ranks are bearing the obliga-
tion for our profession to lead change based on solid 
and credible evidence that will improve patient care. 
Research-intensive universities are orchestrating 
grand challenges in which a team of scientists is put 
to task on a vexing problem and the diversity of team 
members predicts the success in the outcomes. Will 
dentistry be part of the grand challenge teams or be 
satisfied to focus on incremental technical progress? 
Future decisions regarding health in our society will 
be increasingly based on evidence. Will we be satis-
fied to sit on the sidelines and allow someone else 
to generate the evidence? This article was written as 
there has been relatively minimal call for dentist-
scientists to work collaboratively with immunolo-
gists, cancer researchers, and microbiologists, for 
example, to discern the underlying etiology of this 
condition and virtually no evidence available for 
scientific-based guidelines for care. 
As of July 2016, according to the National 
Institutes of Health (NIH) Research Portfolio Online 
Reporting Tools, there have been 11 projects with the 
words “osteonecrosis” and “jaw” in their titles.3 All 
have been funded by the National Institute of Dental 
and Craniofacial Research (NIDCR) and consist of 
three RO1s, four R21s, two RO3s, and two training 
mechanism grants. Of the R awards, the principal 
investigator is a DDS/DMD of five, MD of three, 
DVM of one, and PhD of one, suggesting a diversity 
of investigators, yet collaboration across disciplines 
is not well represented in the projects. Hence, 13 
years after the initial case of ONJ, we still do not 
completely understand this multifaceted condition, 
and our patient care is not at a level it could be if 
we worked collaboratively in research to tackle this 
concern. If this type of model persists into the future, 
patient care will suffer. 
Another example underlying a call to action 
involves the emergence of new and/or little-known 
conditions that take the world by storm. Although 
the Zika virus was first isolated in 1947 and the first 
cases were reported in humans in 1954, symptomatic 
Zika virus infections were limited to small numbers 
of patients.4 The first major outbreak of Zika occurred 
in 2007 in the Federated States of Micronesia, where 
73% of the population was affected while only 18% 
were symptomatic.5 Since that time, Zika has spread 
rapidly and into many countries. It surfaced widely 
in the press with reports in 2015 and 2016 of the cra-
niofacial developmental aberration of microcephaly 
in babies born to mothers infected with Zika. Sud-
denly there is a critical need for knowledge as to the 
incidence, basic underlying virology, pathogenesis 
of the craniofacial disorders, and impact on other 
physiologic systems. The embryologic development 
of the head and neck region is an area of strong his-
torical strength in dental research institutions and one 
that could and should be mobilized when conditions 
that impact the craniofacial region arise suddenly 
and impactfully. One never knows when the next 
disease, drug-induced side effect, or environmental 
impact will surface that would benefit from dedicated 
dental and craniofacial research expertise. Dentistry 
is in danger of further losing its place as a player in 
the biosciences and at risk of attrition in the quality 
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health outcomes for large-scale populations.12 There 
is a significant opportunity for the dental profession 
to participate and/or lead such an evidence-based 
collaborative effort.
The need for interdisciplinary and transdisci-
plinary organizations has emerged—yet not without 
roadblocks.13,14 Aspects of organizing the interdisci-
plinarity efforts can be taxing and present hurdles 
to discipline-centric fields like dentistry tends to be. 
While departments and schools value interdisciplin-
ary efforts, they cling to traditional reward systems 
that promote individual accomplishments. Interdis-
ciplinary work flows against decentralized financial 
models and often challenges grant management 
resources, facilities, and cost-sharing models. The 
NIH also often tends towards specific and narrow 
discipline-centric funding preferences, which further 
promulgates autonomous and siloistic institutional 
behavior. However, even the NIH is acknowledging 
and supporting resources for team-based research to 
address complex health issues.15 Academic dental 
institutions need to diversify their portfolios, focus 
on team science, and be integrated partners in bio-
medical research. 
Over the past ten years (FY 2005-14), the 
NIH and NIDCR awarded extramural dollars to 
56 academic dental institutions.8 During this time, 
the overall percentage of NIDCR funding to these 
institutions has remained at approximately 50% of 
the extramural award dollars; however, the total dol-
lars to dental schools has decreased approximately 
10%. In addition, over this same period there was a 
1.2-fold increase in numbers of proposals submitted 
to the NIH although a flat level of submissions to the 
NIDCR. Not only are we not moving forward, but by 
not growing, we are moving backwards. The mission 
of NIDCR is to improve dental, oral, and craniofacial 
health through research, research training, and the 
dissemination of health information. There is nothing 
explicit in this mission regarding supporting dental 
schools. It is the responsibility of our profession and 
our academic leaders to salvage the honor of our 
scientific obligation to generate new knowledge to 
improve the health of the public.
We must be part of interdisciplinary and trans-
disciplinary organizations that move health care into 
its new day, and strategizing the diversity that will un-
derpin this success is crucial. Scott Page, a professor 
of complex systems at the University of Michigan, 
is a champion for diversity in problem-solving of all 
types. His work provides solid evidence that bring-
ing groups of people together who have different 
part of the project “Advancing Dental Education in 
the 21st Century.”
Interdisciplinary and 
Transdisciplinary 
Collaboration in the Health 
Sciences
A fundamental opportunity dentistry has as 
a profession is to contribute via its position in aca-
demic health centers. Academic health centers are 
defined as having a minimum of three components: 
a university-associated medical school, at least one 
other health professions school/program, and an 
owned or affiliated hospital.9 Nearly 40% of the 
academic health centers that are members of the As-
sociation of Academic Health Centers (AAHC) have 
dental schools, so that provides a robust opportunity 
for collaborative and interdisciplinary education, 
research, and patient care. 
In 2015, the AAHC conducted a survey of 
leaders of academic health centers that included ques-
tions regarding the impact of health reform on their 
research missions and their institutional responses to 
those impacts.10 That study concluded that academic 
health centers will be successful “if they can function 
as organizations that align academics (teaching and 
research) with patient care and vice versa.” Dentistry 
sorely needs to be part of the decision making and 
organizational discussion. Again, the IOM report in 
1995 portended what has continued to be a leading 
concern in our profession in these words: “Dental 
education and dentistry are made vulnerable by their 
relative isolation from the broader university, from 
other health professions, and from the restructuring 
of health care delivery and financing that character-
izes most of the health care system.”1 
Platforms of interprofessional education have 
emerged across the country and bear promise to prog-
ress to interprofessional care. According to the World 
Health Organization, “Interprofessional education 
occurs when students from two or more professions 
learn about, from, and with each other to enable ef-
fective collaboration and improve health outcomes. 
. . . This is a key step in moving health systems from 
fragmentation to a position of strength.”11  Rigorous 
research is needed to fill a gap of knowledge as to the 
impact of interprofessional education and interpro-
fessional care (also known as collaborative care) on 
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ing long-term impactful studies challenging. Finally, 
our electronic health records have opened new doors 
to providing large data sets with which to generate 
meaningful trends and ask prospective questions. 
However, the integration of dental electronic health 
records and medical electronic health records is virtu-
ally non-existent and an albatross when it comes to 
collaboration across health science fields. We must 
engage data scientists and informationists with our 
clinicians and clinical scientists.
In Wartman et al.’s survey of academic health 
centers regarding the impact of the Affordable Care 
Act on research, he found an “advantage of op-
portunities created by health reform to retool their 
research enterprise, with three-quarters of survey 
respondents increasing their focus on translational 
research, community-based research, and popula-
tion health.”10 Dental schools need to be a part of 
such an increased emphasis on translational research 
and acceleration of implementing new scientific 
discoveries. Respondents to Wartman et al.’s survey 
also widely supported academic health centers to 
“increase collaborations with industry groups and 
nonprofit funders of research to diversify research 
funding streams.” Dentistry needs to better engage 
potential funders. Our pipeline of investigators 
capable of performing NIH-caliber research needs 
to be strengthened, so we can keep up with our 
peers in project submissions. Our clinical research 
enterprises need to partner with other health science 
units to assemble compelling proposals to commu-
nity groups, foundations, and other federal agencies 
beyond the NIH. Well-established community-based, 
service-learning operations are present in most dental 
institutions and are unrivaled relative to other health 
professions.17,18 Three goals have been outlined for 
such service-learning opportunities: improving learn-
ing, promoting civic engagement, and strengthen-
ing communities.17 A natural fourth goal should be 
community-based research that is outcome-focused. 
These provide exciting new opportunities for our 
profession to shine. The time is now to retool, and 
academic dental institutions need to heed the warning 
signs that we could be losing ground if we do not.
In 2013, in a call to the broad health care 
community, Victor Dzau, president of the National 
Academy of Medicine, emphasized the need for 
stronger support for interdisciplinary work that is 
supported with core services: “we believe that aca-
demic health centers will need to increase the yields 
of research, accelerating the translation of results into 
practice and boosting their impact on medicine and 
ways of seeing a problem will be better and faster 
at problem-solving. He argues that people from dif-
ferent backgrounds have varying ways of looking at 
things, essentially different “tools.”16 A collective of 
such tools is more powerful than the ability of single 
individuals. His work brought forward mathematical 
modeling to support an equation: “Collective accu-
racy = average accuracy + diversity.” He posits that 
many of the problems we face in society (including 
disease) intersect with many traditional disciplines, 
and he strongly promotes interdisciplinary work. 
As he wrote, “These interdisciplinary efforts can 
be as crude as having people work together and 
communicate across disciplines, or they can result 
in new terminologies and frameworks. What’s most 
important is sharing perspectives, heuristics, inter-
pretations, and predictive models across disciplines. 
This approach will enable us to get off local peaks.” 
Dentistry has been atop its local peak for far 
too long, primarily afraid of venturing out at risk of 
losing its identity. Such fear and siloism will only 
restrict our ability to make impactful progress and 
render us vulnerable to demise. As Page urges, “We 
should recognize that a talented ‘I’ and a talented 
‘they’ can become an even more talented ‘we.’”16
Integration of the 
Biosciences
Let us take inspiration from biology itself in all 
its complexity. Why would a simple approach solve 
a complex problem? Still, there are many barriers 
to integrating the biosciences. We are in a period 
of escalating regulatory burden that taxes our time, 
finances, and creativity. Our metrics of success are 
too frequently closely linked with funding versus 
impactful work. Hence, it is time we redefine our met-
rics for success. There are generational differences 
in our approach to science that challenge teams that 
span academic ranks. Our bioscience units lack com-
mon missions and goals. How often do we consider 
the culture of another unit when trying to align our 
research programs? Discrepant and/or decentralized 
budget models likely disincentivize collaborative 
work, and the decline in NIH funding challenges sup-
port for collaboration. The infrastructure including 
the physical location, age, and capacity of facilities 
on our campuses often presents barriers to integrating 
biomedical research groups. Time is often a restraint, 
with funding of projects at three to five years render-
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advanced analytics: platforms that engage patients 
through mobile devices, educational apps, and feed-
back systems to elevate health system performance 
via high-functioning interprofessional teams that 
include dentistry and provide such an individualized 
approach to patient care.
The current strained fiscal landscape of higher 
education in general, coupled with the opportunity 
for strengthening collaborative efforts, suggests that 
dental schools of the future will identify common 
aspects versus those that are essential to remain 
unique to dentistry. Faculty members may be shared 
across units located in research centers, and more 
cross-unit learning opportunities could exist for 
dental students. In order to orchestrate this, aspects 
of administration may need to be more centrally 
operated, while balancing the unique and defining as-
pects of the involved discipline. And, as Dr. William 
J. Gies emphasized back in 1926, let us not forget 
that we are a healing science, which necessitates 
that we remain contemporary in our approaches and 
embrace the most effective tools.22 Let us not forget 
that we are a learned profession requiring advanced 
learning and high principles, which necessitates the 
generation of new knowledge and the responsibility 
to apply research and discovery to improve patient 
care. Let us not forget we are an essential and inte-
grated component of higher education in the health 
professions, which necessitates change that brings 
constant renewal.
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